Introduction
============

Reisberg et al[@b1-ndt-13-2363] first proposed that mild cognitive impairment (MCI) represents an intermediate stage between normal aging and dementia; the most important marker of MCI is cognitive impairment that is not sufficient to affect daily and social life. Petersen et al[@b2-ndt-13-2363] proposed the currently recognized diagnostic criteria for MCI: the patient complains of, or others confirm, memory impairment; objective tests show some cognitive change; and overall cognitive function and life ability are relatively normal, such that the patient cannot be diagnosed with dementia. Early intervention in MCI can slow down or prevent the development of dementia.

Uric acid, the final product of purine metabolism, is a water-soluble antioxidant that inhibits nitrite-mediated nitrification,[@b3-ndt-13-2363] binds to iron, and inhibits the oxidative damage caused by iron-dependent ascorbate oxidation.[@b4-ndt-13-2363] Over a range of values, uric acid has antioxidant properties; when it exceeds this range, it becomes a pro-oxidative agent and can cause gout, hypertension, and kidney and cardiovascular diseases.[@b5-ndt-13-2363]

Increasing numbers of studies have found that uric acid plays an important role in cognitive impairment.[@b6-ndt-13-2363]--[@b10-ndt-13-2363] A relationship between uric acid and cognitive function has been demonstrated, and studies have investigated the association between uric acid and cognitive dysfunction in the context-specific diseases and various types of dementia. However, the relationship between uric acid and MCI has seldom been studied.

Objectives and methods
======================

Subjects
--------

### Sample selection

A random sampling survey method was used to identify elderly research subjects in Northern Jiangsu People's Hospital from January 2016 to November 2016. Those who met the diagnostic criteria for MCI in the elderly (\>60 years of age) constituted the MCI group, and age- and sex-matched individuals were recruited to the normal control group.

### Inclusion criteria

1\) Self-perception of memory loss or memory impairment reported by close acquaintances time \<3 months; 2) Mini Mental Status Examination (MMSE) score ≤26; 3) Global Deterioration Scale (GDS) score of 2 or 3; 4) total Activity of Daily Living Scale (ADL) score \<16; 5) does not meet the diagnostic criteria for dementia; and 6) provided informed consent.

### Exclusion criteria

1\) Blindness, deafness, or difficulty with verbal expression; 2) schizophrenia, affective disorder, organic mental disorders, mental retardation, or similar diagnoses; 3) Alzheimer's disease (AD), vascular dementia, Parkinson's disease dementia, or organic brain disease causing dementia; 4) Hamilton Depression Scale score indicating depression and anxiety caused by pseudo-dementia; 5) taking drugs that affect the level of uric acid, such as aspirin, penicillin, and so on; and 6) refusal to provide informed consent.

Methods
-------

### Cognitive function monitoring

The MMSE and GDS were used to quantify cognitive dysfunction. A face-to-face interview with each participant was conducted by a trained investigator. The MMSE is an influential cognitive function screening tool designed by Folstein et al.[@b11-ndt-13-2363] It evaluates 11 parts, including orientation, memory, computation, language, visual space, the five dimensions with a maximum score of 30 points. The MMSE scale is widely used in cognitive function testing, and studies have shown that it detects dementia with a sensitivity of 0.8--0.9 and specificity of 0.7--0.8. However, the MMSE lacks good sensitivity and specificity for evaluating mild dementia in patients with higher education or MCI patients with cognitive function.[@b12-ndt-13-2363] Therefore, we used the GDS to assist in the diagnosis. According to "China's prevention and treatment of cognitive dysfunction experts consensus," a GDS score of 2 or 3 together with an MMSE score of at least 24 points is not sufficient for a diagnosis of dementia.

### Uric acid test

After fasting overnight, 3 mL venous blood was obtained to measure the serum uric acid level within 30 minutes, using an enzyme-labeled method on a Hitachi 7170 automatic biochemical analyser (Hitachi, Tokyo, Japan).

The present study was performed in accordance with the Declaration of Helsinki, and the study protocol was approved by the Ethics Committee of Northern Jiangsu People's Hospital.

Data analysis
-------------

A database was constructed using EpiData 3.1 software (EpiData Association, Odense, Denmark) with double entry of data. The data were analyzed using SPSS software (ver 16.0; SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as means and SD, accompanied by rates or ratios. The two groups were compared using the *t*-test. The correlation between MMSE score and uric acid level was analyzed using Pearson correlation. A binary logistic regression model was used for multivariate analysis. A difference of *P*\<0.05 was deemed statistically significant.

Results
=======

After cognitive testing, the participants were divided into MCI (n=58) and healthy control groups (n=57). Two subjects with dementia, three with other mental problems, and five with gout were excluded.

Demographic characteristics
---------------------------

[Table 1](#t1-ndt-13-2363){ref-type="table"} shows the characteristics of the two groups. The mean age of the MCI group and healthy controls was 68.21±4.49 and 68.32±5.87 years, respectively (range: 60--85 years). The MCI group included 36 males (62.1%) and 22 females (37.9%) and the healthy controls comprised 34 males (59.6%) and 23 females (40.4%). Regarding the level of education, the MCI group comprised 10 illiterate patients (17.2%), 29 with primary school education (50%), and 19 with junior middle school education or above (32.8%); the respective numbers of healthy controls were 2 (3.5%), 20 (35.1%), and 35 (61.4%). There were no significant differences in age or sex between the MCI and healthy control groups, while there was a significant difference in years of education ([Table 1](#t1-ndt-13-2363){ref-type="table"}).

Differences between the two groups
----------------------------------

[Table 2](#t2-ndt-13-2363){ref-type="table"} shows the differences in continuous variables between the two groups. Weight, body mass index, MMSE score, and uric acid differed significantly between the two groups, with *P*=0.002, 0.001, 0.000, and 0.026, respectively.

[Table 3](#t3-ndt-13-2363){ref-type="table"} shows the differences in categorical variables between the two groups revealed by the *t*-test. Smoking (yes or no), alcoholism (yes or no), diabetes (yes or no), hypertension (yes or no), and family history of dementia (yes or no) statuses were significantly different between the two groups (*P*=0.014, 0.048, 0.005, 0.001, and 0.011, respectively).

Correlation between uric acid and MMSE score by Pearson correlation
-------------------------------------------------------------------

There were significant positive correlations between MMSE score and uric acid, including orientation, memory, computation, language, and visual space five dimensions (*P*\<0.05). Similarly, in the normal control group also, there was a significant positive correlation (*P*\<0.05) ([Table 4](#t4-ndt-13-2363){ref-type="table"}).

Possible factors associated with MCI in multivariate logistic regression models
-------------------------------------------------------------------------------

Smoking (yes or no), alcoholism (yes or no), diabetes (yes or no), and hypertension (yes or no) statuses, as well as age, sex, education, MMSE score, height, weight, and uric acid level, were included in the multivariate logistic regression models. We found that uric acid level (odds ratio =0.999, 95% confidence interval: 0.988--1.000) might contribute to MCI ([Table 5](#t5-ndt-13-2363){ref-type="table"}).

Discussion
==========

The incidence of MCI is increasing, with studies showing that the prevalence is as high as 20% in people older than 60 years of age;[@b13-ndt-13-2363] such people will soon progress to dementia.[@b14-ndt-13-2363] Several studies have explored the risk factors for MCI.[@b15-ndt-13-2363]--[@b17-ndt-13-2363] One study reported that 52.8% of MCI patients had physical illnesses,[@b18-ndt-13-2363] which were risk factors for worsening cognitive function. To prevent or delay the development of dementia in the early stages, interventions should be carried out in MCI populations.

Few studies have examined the association between uric acid and cognitive status,[@b19-ndt-13-2363],[@b20-ndt-13-2363] especially MCI. The impact of a small sample size on any such association remains controversial, and age, sex, and other factors may also have an impact. Although uric acid is an antioxidant, it has pro-oxidation characteristics under certain conditions. One study showed that high blood uric acid levels can lead to a micro-inflammatory state and produce oxidative stress, resulting in microvascular disease, arteriolar hyalinization, sever arteriosclerosis, increased cerebral ischemia, and hypoxia, increasing the risk of cognitive impairment.[@b21-ndt-13-2363] Although the results of that study did not match our findings, it included patients with cardiovascular disease, for which uric acid is a risk factor.[@b22-ndt-13-2363]--[@b24-ndt-13-2363] Other studies found that low levels of uric acid were associated with cognitive impairment,[@b25-ndt-13-2363],[@b26-ndt-13-2363] consistent with our results. Our study found that the uric acid level was significantly lower in patients with MCI (292.28±63.71 μmol/L) than in the normal controls (322.49±78.70 μmol/L; *P*\<0.05).

Patients with MCI are at high risk of developing dementia,[@b27-ndt-13-2363] but early and effective interventions can reduce the risk.[@b28-ndt-13-2363] Further research on the association between uric acid level and MCI may facilitate the development of effective and early interventions for patients with MCI. Future research should examine whether there is a reasonable range of uric acid values that does not induce dementia or cause cardiovascular or metabolic diseases.

Limitations
===========

There are some limitations in our study. First, the sample content was finite. Second, we collected only the information on whether the subjects had diabetes or hypertension but we did not gather the information about detailed medication. Third, the research was only a cross-sectional study, we could not define the long-term effects of uric acid on cognitive function.

Conclusion
==========

A low uric acid level is a risk factor for MCI, and an appropriate increase in uric acid can be used to slow down the occurrence and development of MCI.
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###### 

Demographic characteristics of the MCI and healthy control groups

  ----------------------------------------------------------------------------------------
  Demographic characteristics         MCI group\   Healthy controls\   *t*     *P*-value
                                      (n=58)       (n=57)                      
  ----------------------------------- ------------ ------------------- ------- -----------
  Age (years)                         68.21±4.49   68.32±5.87          0.075   0.940

  Sex                                                                          0.911

   Male (n)                           36           34                  0.112   

   Female (n)                         22           23                          

  Years of education                                                           \<0.01

   Illiterate (n)                     10           2                   3.168   

   Primary school-educated (n)        29           20                          

   Junior high school and above (n)   19           35                          
  ----------------------------------------------------------------------------------------

**Abbreviation:** MCI, mild cognitive impairment.

###### 

Univariate analysis of cognitive impairment (continuous variables)

  ---------------------------------------------------------------------------
  Characteristic       MCI group\     Healthy controls   *t*      *P*-value
                       (mean ± SD)                                
  -------------------- -------------- ------------------ -------- -----------
  Age (years)          68.21±4.49     68.32±5.87         0.112    0.911

  Height (cm)          166.83±7.55    167.28±9.35        0.286    0.776

  Weight (kg)          60.93±10.06    67.01±10.85        3.113    \<0.01

  BMI (kg/m^2^)        21.89±3.20     23.87±2.72         3.565    \<0.01

  MMSE score           23.91±2.07     28.11±1.03         13.776   \<0.01

  Uric acid (μmol/L)   292.28±63.71   322.49±78.70       2.261    0.026
  ---------------------------------------------------------------------------

**Abbreviations:** BMI, body mass index; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination.

###### 

Additional disease information for the two MCI and healthy control groups

  Disease                      MCI Group (N)   Healthy controls (N)   *t*     *P*-value
  ---------------------------- --------------- ---------------------- ------- -----------
  Smoking                                                                     0.014
   Yes                         22              10                     2.488   
   No                          36              47                             
  Alcoholism                                                                  0.048
   Yes                         25              12                     2.003   
   No                          33              45                             
  Diabetes                                                                    0.005
   Yes                         17              5                      2.886   
   No                          41              52                             
  Hypertension                                                                0.001
   Yes                         24              8                      3.415   
   No                          34              49                             
  Family history of dementia                                                  0.011
   Yes                         14              4                      2.588   
   No                          44              53                             

**Abbreviation:** MCI, mild cognitive impairment.

###### 

Correlation between MMSE score and uric acid

  Orientation        Memory    Computation   Language   Visual space   
  ------------------ --------- ------------- ---------- -------------- ---------
  MCI group                                                            
   *r*               0.473     0.635         0.564      0.357          0.421
   *P*               \<0.001   \<0.001       \<0.001    \<0.001        \<0.001
  Healthy controls                                                     
   *r*               0.498     0.685         0.572      0.402          0.469
   *P*               \<0.001   \<0.001       \<0.001    \<0.001        \<0.001

**Abbreviations:** MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination.

###### 

Relationship between uric acid and cognition

  Factor      B       SE      Wald    *df*   *P*-value   OR      95% CI
  ----------- ------- ------- ------- ------ ----------- ------- --------------
  Uric acid   0.006   0.003   4.684   1      0.03        0.999   0.987--0.999

**Notes:** Results are from a logistic regression analysis; *P*\<0.05 is considered statistically significant.

**Abbreviations:** CI, confidence interval; *df*, degrees of freedom; OR, odds ratio; SE, standard error; Wald, Chi-square value.
